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A B S T RAC T 


The purpose of this document is to illuminate and analyze federal 
market developmont strategies designed to accelerate the market penetration 
of central station applications of photovoltaic energy systems. 

Since no specific goals have been set for the commercialisation of 
central station application, strategic principles are explored which, 
when coupled with specif lCv^bjectivas for central stations, can produce 
a market development implementation plan. The major thrust of this 
document is concerned with developing methods of determining the appropriate 
federal role in this market through analysis of key issues and their 
relationship to strategy elements. 


More specifically, this document includes (1) background information 
on the National Photovoltaic Program, photovoltaic technology, and central 
stations; (2) a brief market assessment; (3) a discussion of the viewpoints 
of the electric utility industry with respect to solar energy; (4) a dis- 
cussion of commercialization Issues; and (5) strategy principles. 

C .-/ , ......r . 


It is recommended that a set o| specific goals and objectives be 
defined for the photovoltaic central station program, and that these goals 
and objectives evolve into an Implementation plan that identifies the 
appropriate federal role. In addition, certain unresolved issues are high- 
lighted that need to be addressed before an implementation plan is developed. 



v 


C 



TABLE OF CONTENTS 


SECTION PACE 


I. INTRODUCTION... I 

A. PURPOSE. • • * 1 

B. BACKGROUND........ 2 

G. NATIONAL PHOTOVOLTAIC PROGRAM..... 3 

II. TECHNOLOGY AND APPLICATIONS 6 

A. PHOTOVOLTAIC TECHNOLOGY 6 

B. CENTRAL STATION SYSTEMS 7 

C. CENTRAL STATION APPLICATIONS 9 

III. THE MARKET SECTOR 10 

A. MARKET ASSESSMENT..... 10 

1. Market Definition. 10 

2. Market Size 10 

3. Market Evaluation Criteria. 13 

4. Market Segaentation. 13 

5. Market Evaluation*. 16 

B. UTILITY VIEWS 23 

1. Legal Restrictions on Gas and Oil 24 

2. Long Lead Times 23 

3. Resistance to Nuclear Power. 23 

4. Regulatory Limits on Coal 23 

IV. COMMERCIALIZATION ISSUES...... 26 

A. ECONOMIC BARRIERS 26 

B. TECHNOLOGICAL RISK.. 36 

C. IMPLEMENTATION BARRIERS..... 40 

V. STRATEGY PRINCIPLES..... 33 

A. PURPOSE 53 

B. DEFINITION 53 

C. STRATEGY DEVELOPMENT PROCESS.. 55 

D. STRATEGY ELEMENTS 57 

E. OBJECTIVES AND STRATEGIES 61 

F. CONCLUSIONS. 62 

REFERENCES .*,... 63 


ii 


LIST OF TABLES 


TABLE 



PACE 

3-1 

1979 Energy Consumption »3r Electric Utllltlee 
in the U.S 


. ... 11 

3-2 

Electricity Production end Generating Capacity * 
by Fuel Tyne for 1979 end 1988. •••••• ,•••.. ••»••••• 


.... 12 

3-3 

.1 

1978 Electricity Generation end Cepedty by 
Type of Utility Owner...................... **»...•• 


.... 14 

3-4 

Market Sector Evaluations..... ............. ,, ....... 


. ... 18 

4-1 

Photovoltaic Central Station Iaaue Areae. ......... . 


.... 27 

4-2 

Polycrystalline Silicon (Soler end Non-Solar): 
Comparison of Cepedty end Market Needs for 
High Forecest (Metric Tons) 

(1 

. . . . 43 

4-3 

Cost of Menufecturing Polycryatelline Silicon 
New Plant - Old Technology (Siemens). 

\ 

.... 44 

4-4 

Comparisons of Silicon Demand Forecasts.. 


. ... 46 




ill 


fl 


a 


(0 

LIST OF FIGURES 

FIGURE PACE 

3-1 Direct Normal Insolation Availability Compared 

With Currant Fuals Consumed by Utilities. ••••••••• . 19 

3-2 State Annual Load Growth Projections..... .............. ........ v 20 

5-1 Technology Flow....................... 54 

5-2 Fadaral Rolas. 56 

5-3 Fadaral Role Determination. 5b 


O 


iv 


SECTION I 


o 


INTRODUCTION 

A. PURPOSE 

The purpose of chls docuasnt Is to illuminate and analyse federal market 
development strategies designed to accelerate the market penetration of 
central station applications of photovoltaic energy systems. Recommenda- 
tlons contained in this docuasnt are designed to be an integral part of the 
comae realisation efforts of the National Photovoltaics Program. The 
objective of the Department or Energy's National Photovoltaics Program is 
"to reduce systea costs to a competitive level in both distributed and can* 
tralised grid-connected applications. Equally important, the Program will 
also resolve the technical, institutional, legal, environmental and social 
Issues involved in fostering widespread adoption of photovoltaic energy 
systems" (Rsf. 15). The strategies proposed within can make a significant 
contribution toward the attainment of the overall Program objectives. 

Since no specific goals have been set for the commercialization of 
central station applications, this document explores strategic principles 
which, when coupled with specific objectives for central stations, can 
produce a market development strategy. The major thrust of this document 
is concerned with developing methods of determining the appropriate federal 
role in this aarket through analysis of key issues and their relationship 
to strategy elements. This document does not address the details of strategy 
implementation. The strategies are discussed in general terms, with explicit 
but flexible timing Issues addressed as appropriate. 

It is assumed throughout this document that the Department of Energy's 
National Photovoltaic Program Plan remains in effect as described in the 
published Multi-Year Plan dated June 6, 1979. It is also assumed that other 
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photovoltaic market aactora are being addraaaad separately, ao that tha 

0 

central station strategy naad not ba cones mad explicitly with promoting 
these other applications* 

B. BACKGROUND j'l 

.'V 

Today, virtually all electricity generated in the United States is 
produced by large, central power stations fueled by conventional energy 
sources* As it becomes increasingly undesirable to utilise these sources 
to east U.S* energy denand, new generating technologiee will need to be 
explored. Solar photovoltaics is one such technology* 

Photovoltaic energy conversion is a process by which electricity 

//' 

is produced directly froe sunlight using a photovoltaic (solar) cell* The 
key advantage of photovoltaic technology is that it can provide safe, 
clean, renewable energy. Moreover, the long tern potential and commercial 
feasibility for producing electricity from the sun by photovoltaics has 
already been demonstrated, through research, development, and demonstration 
efforts. 

The major problem with photovoltaics is that it is expensive -- on 
the order of ten times the cost of conventionally powered electricity. 

In recognition of this problem, the Department of Energy's National Photo** 
voltaic Program has set as the following objectives: (1) the reduction of 

photovoltaic system costs to a competitive level in the electric utility 
market; and (2) the resolution of technical, institutional, environmental, 
and social issues related to widespread adoption of photovoltaic energy 
systems. 

On an absolute basis there are essentially two ways in which the cost 
of a new technology can be reduced. One method is through product improvement, 
which involves advanced research and technology development. The other is 
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through mm production. Product improveMnt can raduca coata to tha point 
where demand will a t inula t a linitad naaa production, which will raduca coata 
avan further, atlaulating aora naaa production, and ao forth. Thia theory 
la addraaaad aa part of tha National Photovoltaic Program. 

Another approach la to raduca tha relative coat of tha technology, 
i.a. , incraaaa its worth. Regulation and financial incentive polidee can 
contribute to increaalng tha worth of photovoltalca. Thaaa activitlaa are 
diacuaaad in aora detail in later aactlona of thia docuMnt. 

G. THE NATIONAL PHOTOVOLTAIC PROGRAM 

In addition to generic aolar raaaarch and developMnt legislation, 

§i 

the Department of Energy' a National Photovoltaic Prograa ia authorized 
by tha Solar Photovoltaic Energy Raaaarch, Development and Deaonatratlon 

jl 

Act of 1978 (Public Law 95-590), which appropriated $1.5 billion over a 
ten year period. The appropriation waa to provide for "an accelerated 
prograa of raaaarch, developMnt and deaonatratlon of solar photovoltaic 
energy technologies leading to early coapetitive commercial applicability 
of such technologies. • ." to enable this country to, in the long run, 
produce "electricity from photovoltaic systeM coat competitive with 
utility-generated electricity from conventional sources, " 

As stated in the Multi-Year Plan dated June 6, 1979, the objective 
of the National Photovoltaic Program is "to bring photovoltaic energy 
systems, via substantial research, devalopMnt and demonstration (RD&D) 
aimed at achieving major cost reductions and Mrket penetration, to the 
point where they are able to supply a significant portion of the Nation's 
energy requirements. " 
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A s part of the National Energy Plan, which calls for ranawabla anargy 
sourcaa to supply 18 quads of primary anargy by tha year 2000, the Photo- 
voltaic* Program has sat as its goal to dispXaca 1 quad of fossil anargy by 
tha yaar 2000. Additionally, tha following prlca goals hava baan sat (in 
1980 dollars) for photovoltaic systaas: 

a $6-13/wattp by 1982 for rasldantisl systaas 
a $2. 60/ watt by 1986 for lntaraadlata load cantars 
a $1.30/wattp by 1990 for cantral station applications 

To aaat thasa goals, a Photovoltaic* Prograa strategy has baan davalopad. 
Tha prograa strategy is directed towards tha davalopoant of technologies 
and infrastructures that will yield technically, economically, and socially 
viable energy systaas in primarily grid-connected applications. Kay elements 

of the Photovoltaic* Prograa Strategy include: 

* 

N 

a Substantial reductions in the price of components and subsystems 
via: 

—aggressive advanced research and development to bring advanced 
concepts to tha point of technical feasibility; and 

—intensive technology development to Identify, develop, and 
suitably demonstrate cost-effective designs and production pro- 
cesses for components proven technically feasible, thereby 
establishing their technical readiness. 

a Definition, development, design, and real-world testing of complete 
photovoltaic systems in a series of tests and applications to 
demonstrate (1) the system's feasibility; and (2) commercialization 
readiness. 

e Development of a substantial body of experience, confidence, and 
expertise within the private sector by both users and suppliers 
of photovoltaic systems. 

e Careful study and implementation of commercialization strategies. 


The strategies to facilitate commercialization and market development 
are directed towards specific applications. The overall focus, however, 
will be directed towards triggering the creation of a new industry capable 
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of producing photovoltaic nodules at a coat that would avantually coapata 
with conventional aourcaa. Thla will probably require the cooparatlon 
of utllltlaa and manufacturers; however, private entrepreneurs are usually 
unwilling to risk tha expenditure of aajor quantities of capital significantly 
far in advance of expected earnings. Thus, to accelerate the economic 

development of photovoltalcs, government asaistance will be Imperative. 

If 

The program ^ae Identified five market sectors Awards which specific 
market development strategies have been or are being developed: 
e Remote /Stand Alone - Non-grid connected applications 
e Residential 

e Intermediate Load Centers - Community or business district entitles 
e Central Station - Electric utility power 
e Federal Projects - To p-we* federally owned facilities 

Currently an international remote/stand alone market shows great promise, 
especially In the developing countries. An international photovoltaic 
market could contribute significantly toward developing a self-sustaining 
U.S. photovoltaic Industry. However, the complete central station power 
plant market is the largest of all markets for photovoltaic electric power 
generation. It includes all electric power supplying utilities in the U.S. , 
both generating and non-generating. For this reason, the preparation and 
execution of a strategy for central station market development is critical 
to the success of the Photovoltalcs Program. 
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SECTION XI 


TECHNOLOGY AND APPLICATIONS 
A. PHOTOVOLTAIC TECHNGf^Y 

it 

Of all of th« tolar technologies for converting sunlight Into 
electricity, tht one which lntultlvtly is most dsslrsbls Is photovoltaic 
conversion, because this technique requires no Moving parts, no conversion 
to heat, and no evacuated vessels* Additionally, the basic scientific 
principles are well known, and *f or certain specialized applications the 
technology is relatively advanced. 

Photovoltaic energy conversion is a non- thermal process in which 
electricity is produced directly fron sunlight using a solar cell comprised 
mainly of a seal-conductor material, such as silicon, cadmium sulfide, or 
gallium-arsenide. The cells are made by combining two very thin layers 
of semi-conductor material. One layer demonstrates negative electrical 
properties and the other layer has positive properties. Terminals of an 
external electrical circuit are attached to the front and the back of the 
cell. When sunlight hits the cell, it causes the electrons of the cell 
to be freed. The freed electrons create voltage in the cell and the current 
can be drawn through the external circuit. 

The photovoltaic cell described above is the basic component of any 
photovoltaic system. Most cells made today are produced from silicon wafers. 
Ongoing research and development efforts are directed towards bringing ad- 
vanced silicon cells and cells made from other materials to technology 
readiness in hopes of reducing the cost of and increasing the efficiency of 
photovoltaic technologies. 

Aside from defining the semi-conductor material from which a cell is 
fabricated, photovoltaic collectors can be categorized into two generic types: 
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• Flat Plata - Flat plate collectors are photovoltaic calls that are 
arranged In an array » lying in such a way such that chdf absorb 
sunlight as it is received. They are usually mount*! in . lined 
position because they have the capability to absorb light froa nearly 
any angle. They also have the capability to generate electricity 
froa diffuse as well as direct sunlight. 

e Concentrating - Concentrators are magnifying lenses that are placed 
over rows of photovoltaic cells in order to increase the anount of 
light absorbed by each individual cell. They are usually aounted on 
computer-controlled tracking devices in order to keep the concentra- 
tors pointed directly at the sun. Although they provide a greater 
anount of electricity per unit of cell area than the flat plate 
collectors* they also only operate at maximum efficiency when properly 
oriented to the sun. Kn addition, since the concentration of light 
rays also produces significantly note heat, it is necessary to add 
an active cooling syetea to the concentrator array. However, the 
heat so generated aay Itself be piped off and used separately, in 
which case the array is called a "total energy” collector. 


Although the basic photovoltaic technology is well understood, the 
generating of large aaounts of electricity froa sunlight is still in the 
developaental stages. As a result, the cost of generating electricity by 
photovoltaic energy conversion is coaaerdally coapetitive only for a few 
specialized uses. However, rapid progress is being asde in the technology 
and in aethods for aass production of power-generation photovoltaic systeas. 
Both government and private Industry now predict that by 1986 photovoltaic 
technology will be available that can produce snail scale electricity at a 
relatively coapetitive cost. 


B. CENTRAL STATION SYSTEMS 

A photovoltaic* central station power plant consists of two basic 
elenents: (1) the photovoltaic arrays and (2) the balance of systen. 

The array is composed of photovoltaic cells, the balance of system includes 
everything else: support structures, a power conditioning unit, power 

transmission lines, optional storage, and a master control system which 
includes computer hardware, systems integration and operation software, and 
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trained operator*. Syetaa sizes can range froa hundreds of kilowaees to 
several hundred megawatts. 

The critical coaponent in any photovoltaic systea is the array, vhich 
collects the sunlight and converts it to electricity. The array is composed 
of a nuaber of electrically interconnected sealed panels (aodules), each of 
which contains aany photovoltaic cells. Because receiving arrays of 
varying sizes can readily be assembled by Interconnecting electrically any 

i\ 

\l ;; 

nuaber of sealed-panels, photovoltaic systems are inherently nodular. For 
this reason, they are well adapted for dispersed or on-site applications, 
and for multiple uses. Photovoltaic systems, therefore, offer three key 
advantages: 

e Modularity 

e Low operation and maintenance requirements 
e A proven technology 

Because of the modularity of photovoltalcs , there are no major tech- 
nological differences between smaller stand-alone photovoltaic Systems and 
the larger central station power plants. The larger plants will include 
more arrays, larger power conditioning and transmission equipment, and 
larger storage, which is both optional and modular. The major new features 
of the larger systems (as opposed to smaller systems or existing tech- 
nology), are: (1) the master control system, (2) large scale power con-’ 

dltioning equipment, and (3) substantial storage, which is optional (but 
necessary if an individual system is to be included in the utility grid 
for purposes of determining the utility's capacity). 

In 1990, advanced collectors are expected to cost $.15-$. 40 per watt, 
thus bringing system costs down to $1.10 to $1.30 per watt for central 
stations. Collector costs are expected to be as low as $.70 per watt in 
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1986, with system costs (for intermediate load centers) to bs $*.60 par 
watt. Today's system costs ara in tha ranga of $15-20 par watt, about 
half of which is balanca of systsa cost. 

C. CENTRAL STATION APPLICATIONS 

Thara ara basically two typaa of central station applications: dadicatad 

capacity and fual savars. As dadicatad capacity, tha photovoltaic systaa 
can ba usad for aither base, intaraadiata , or peak load operation. To insure 
on-demand operation for bnsa or Intaraadiata load applications, storage 
facilities or hybrid systems will ba required. A central station fual saver, 
however, would require no storage capabilities. Fuel saver central station 
systaas ara not depended on for additional capacity, but while the sun is 
available the use of a fossil fuel powered generator is reduced or temporarily 
replaced by the photovoltaic system. To implement fual savars efficiently, _ 
tha fossil fual generator oust be capable o): starting up and shutting down, 

' ' ij 

or altering its level of output, relatively quickly. Oil and gas fired 
steaa generators can adjust quickly to such changes in the load. Nuclear 
and hydroelectric plants can also follow loads, but these are not considered 
as targets for replacement by solar energy. Coal plants do not load-follow 
well; the start-up time for a coal-system generator is as much as 6 to 8 
hours. 

The time ordered applications for dedicated capacity, therefore, is 
peaking, Intermediate, and then base load. 
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SECTION III 
THE MARKET SECTOR 

A. MARKET ASSESSMENT 

1. Mjnrkrt Definition 

The complete central station powar plant market factor includaa 
all alactrlc power supplying utllltlaa In the U.S. , both generating and 
non-generating. For tha purposas of this plan, a cantral station is 
dafinad as a utility-owned facility dasignad primarily for ganaratlng 
electricity using photovoltaics technology, and serving a dl versified load. 

2. Market Sisa 

Tha complete cantral station powar plant aarkat Is tha largest of 
all aarkata for photovoltaic electric powar generation. The electric util- 
ities conauaad 3 IX (24 quada) of all primary energy in tha U.S. in 1979-, 
producing 2.25 trillion kilowatt-hours of electricity. In 1979 there were 
545 gigawatta of electric generating capacity in the U.S (Ref. 14). It ia 
anticipated that by 1989, an additional 233 gigawatta will be added, in- 
creasing the production capacity by 43% to 778 gigawatts (Ref. 14), Although 
this trend nay appear to be a tremendous increase in capacity, especially in 
view of recent trends cowards conservation, it is actually a slowdown in 
growth. From 1969 to 1979, production capacity Increased by 74% from 
313 gigawatts to 545 gigawatts. 

Nearly half of our electricity was produced from coal in 1979, with 
oil, gas, nuclear, and hydro power each contributing an 11-15% share (see 
Tables 3-1 and 3-2). During the next 20 years, however, significant changes 
in fuel type usage are expected. Of all new generating capacity added in 
the next 10 years, 89% is expected to be coal or nuclear. This means that 
steps have already been taken to eliminate nearly all additions of oil and 
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TABLE 3-1. 1979 ENERGY CONSUMPTION FOR ELECTRIC UTILITIES IN THE U.S. 

(Source: Monthly Energy Revlon, April 1980) 


Primary 

Fuel 

Electric 
Utilty 
Consumption 
In Quada 

Percent of U.S. 
Sub -Tutal 

Total U.S. 
Consumption 
In Quads 

Oil 

3.53 (152) 

\ a* ■ 

37.04 

(MX) 

Gee 

3.61 (152) 

182 

19.91 

(262) 

Coal 

11.28 (462) 

74 i 

15.15 

(K2) 

Nuclear 

2.75 (112) 

1002 

2.75 

( 42) 

Hydro 

3.16 (132) 

1002 

3.16 

( 42) 

Renewables 

0.09 ( 02) 

100^ 

0.09 

( 02) 


24.42 (1002) 

312 

78.10 

(1002) 
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TABU 3-2 • ELECTRICITY PRODUCTION AND GENERATING CAPACITY BY FUEL 
TYPE FOR 1979 AND 1988. 

(Source*; Monthly Energy Review , April, 1980; 

Inventory of Power Plant* in the U.S. - April 1979 . May, 1979) 



1979 



Primary 

Fuel 

Utility 
Production 
(Billion KWH) 

Utility 

Capacity 

«*•> 

Projected* 
Capacity 
Addition* 
by 1988 
(GWe) 

Oil ft 

304 (14%) 

)!' 

151 (26%) 

15 ( 4%) 

Gas 

330 (152) 

75 (13%) 

1 ( 0%) 

Coal 

1074 (48%) 

229 (39%) 

154 (45%) 

Nuclear 

255 (11%) 

54 ( 9%) 

151 (44%) 

Hydro 

280 (12%) 

74 (12^) 

21 ( 6%) 

Renewable* 

4 ( 0%) 

4 ( 1%) 

3 ( 1%) 


2247 (100%) 

588 (100%) 

346 (100%) 


*More recimt projection* call for an increase of only 233 GWe by 1989. 

A breakdown by fuel type was not available from the recent data. This 
chart is shown to display the planned emphasis on coal and nuclear. 



gas powered facilities. Therefore, If photovoltaic cantral stations ara to 
displace oil and gas plants f they oust raplaca ratlrad capacity or ba usad 
as fual savars. 

k 

Privata utllitlas produca aost of our electricity, producing 78X 
of our power in 1978, with 11 X aach for public utllitlas and fadaral projacts 
(saa Tabla 3-3). This distribution is not axpactad to change significantly 
in tha next 10 yaafs. 

3. Market Evaluation Critaria 

Tha purposa of a market assassaant Is to highlight thosa aarkat 
sactors that aay ba tha targat of particular alaaants of strategic aarkat 
davalopaant strategies. This aarkat assassaant highlights entry and early 
targat aarkats while providing a general evaluation of tha aarkat potential 
of other market sectors. 

((_ /) 

In order to illuainate these aarkats, four aarkat evaluation 
classifications have bean sat up: 

a Solar Availability - This criterion is aaasurad by insolation 

*• 

values. The higher the insolation tha greater the market potenr 
tial. 

a Primary Fuel Mix - Market sectors with high percentages of oil 
and gas capacity make better photovoltaic markets because (1) 
those fuels are scarcer, and (2) those fuels are relatively 
more expensive. Seven electric power sources have been identified 
and are listed in descending order of the likelihood that photo- 
voltaics could replace the fuel used to generate the power: 
oil, gas, non-generating (all power purchased), coal, nuclear, 
hydroelectric, and renewables. 


TABLE 3-3. 1978 ELECTRICITY GENERATION AND CAPACITY BY TYPE OF UTILITY 

OWNER \ 

I 

(Source: Statiitlce of Privately Owned Electric Utilities In the U.S. - 

1978 . October. 19)9) 



Installed 

Capedty 

(CW.) 

1978 Production 
(10 9 Kilowatt hours) 

Private 

445 ( 792) 

1721 ( 782) 

Public 

61 ( 112) 

250 ( 112) 

Federal 

34 ( 102) 

235 ( 112) 


360 (1002) 


2206 (1002) 


• Market Growth - Son Nrket sectors ara growing fas ear or 
experiencing ganaracing six changes faatar than othars. Thoaa 
aarkacs with alow growth art laaa likaly to require additional 
capacity or aaking nix changaa than faat growth Nrketa. 
a Typa of Ownership - Bacauaa of such factora aa (1) tha coat of 
obtaining capitals (2) regulatory requirements, and (3) profit 

t! 

o raquiraNnta, typa of ownarahip waa aalactad aa a aarkat a valua- 

tion criterion. Thia claaaif ication haa two poaaibla charactaris- 
tice: (1) Investor-Owned Utilltiaa (IOU'a) and (2) Publicly- 

Owned Utilities (POU'a). Invaator ownad utilities, alao known 

C\ 

aa privately ownad utilitiaa, ara ownad by atockholdara. Publicly 
ownad utilitiaa include thoaa electric utilitiaa that ara ownad 
by atata governments, municipal govarnNnta, cooperative associa- 
tlona, or any other sub-federal governmental entity. It is 
generally recognized that public utilitiaa provide a batter 
early aarkat than do private utilitiaa. Tha lOU's generally 

obtain capital (through borrowing or equity financing) at a 

\ 

higher coat, ara subject to more regulation, and oust aaintain 
profits for their stockholders. POU'a, on tha other hand, can 
issue ta free bonds at a lower interest rata to obtain capital, 
ara not regulated by most states, and have no profit raquiraNnta. 
Tha POU's, therefore, provide an earlier market because they 
can afford photovoltaics at a higher cost. 

4. Market Segmentation 

The market evaluation criteria described above are used to provide 
a rough measure of the market potential in various geographic areas. These 
geographic areas were selected to illuminate the differences among central 
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station narks t sectors with raspact to thssa crltsrla. Tha tan market 
•actors selected ara: 

a Haw England - Connecticut, Rhode Island, Massachusetts, Vermont, 
New Hampshire, and Malna. 

Ji_.. , •• 

a Middle Atlantic - Naw York, Pannsylvanla, and Naw Jarsay. 

a East North Cantral ~ Wisconsin. Michigan. Illinois, Indiana, 
and Ohio* 

a West North Cantral - North Dakota, South Dakota, Minnesota, 
Nabraska, Iowa, Kansas, and Montana. 

a S outh Atlantic - Wast Virginia, Maryland, Virginia, North 
Carolina, South Carolina, Gaorgia, and Florida. 

a East South Cantral * Kentucky, Tannassaa, Mississippi, and 

Alabaaa. 

a Wast South Cantral * Oklahoaa, Arkansas, Louisiana, and Texas 

• Mountain - Montana, Idaho, Wyoming, Nevada, Utah, Colorado, 
Arizona, and Naw Mexico. 

a Pacific - Washington, Oregon, California 

a Hawaii and Puerto Rico. 

5. Market Evaluation 

Based on tha aarkat evaluation criteria described above, early 
markets for photovoltaic cantral station applications can ba identified as 
the publicly owned oil and gas markets in areas of high insolation and 
rapid load growth. For fuel saver applications, load growth is not as 
important, since the photovoltaic system will not be considered in 
determining the capacity of the utility. 

The two most important factors for the earliest markets are 
dependence on oil and gas, and solar availability. These two factors have 
the greatest effect on the value of solar energy. As oil prices increase 
and photovoltaic prices decrease, however, solar availability may not be 
such an important factor in service areas dominated by oil and gas fired 
utilities, since photovoltaics may become competitive with oil even in lower 


insolation areas 
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The issue of public versus prlvata ownership aay alao dacraaaa 
In Importance after tha aarly markets ara penetrated. This la bacauaa , 
afcar a faw cantral atatlon planca hava baan operational, privately ownad 
ucilitlaa (1) will faal aora confidant In lavaatint stockholders' equity 
In aolar energy, (2) nay encounter regulatory ancouragaaant at tha local 
level, and (3) will ba abla to purchaaa photovoltaica at a lower prica (than 
tha aarly aarkat prica), thua radudng tha effect of hlghar Intaraat rataa. 

Load growth, on tha othar hand, will play a aora significant 
factor in post-early aarkat penetration. This la bacauaa aarly aarkata 
ara llkaly to ba fual aavar applications, which ara indapandant of 
capacity raquiraaanta. For long term growth, however, photovoltaic syataaa 
auat supply capacity credit. Tha growth factor therefore, , is considarad 
to ba laaa of an aarly aarkat Indicator and aora of a long tara aarkat 
indicator. * s 

Tha tan gaographic cantral atatlon aarkat sactora can ba avaluatad 
as follows (saa Tabla 3-4 and Flguras 3-1 and 3-2; sourca Raf. 7): 

* Naw England - Evan with its haavy dapandanca on oil and gas, 

Now England is not llkaly to provida a significant aarly aarkat. 
Its insolation Is too low, and it has faw public utilitlaa. As 
a rasult, New England is turning rapidly towards coal and nuclaar 
powar. For axaapla, dasplta tha racant problems experienced 
in tha nuclaar Industry, tha stata of Maina, in response to 
a voter referendum, elected to continue its trend towards nuclear. 
The impact of this development on photovoltaics is that it might 
not be competing with oil or ga*, but with coal and nuclear. 

h V t r ?\ 

Consequently, if photovoltaics fails to penetrate the oil and gas 

market by the early nineties, there may not be such a market 

"'r'i 
j i 

left to penetrate. \J 
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TABLE 3-4. MARKET SECTOR EVALUATIONS 


Region 

Dally Solar 

Insolation 

(KWH/e*/day) 

Dependence 
On Oil & 

Caa 

Public 

Owner- 

ship 

Projected 
Load Growth 
1979-1989 

New England 

3. 0-4,0 

552 

32 

212 

Mlddla Atlantic 

3. 5-4.0 

292 

92 

232 

East North Central 

3. 5-4.5 

52 

82 

382 

Wait North Central 

4.0-5. 5 

82 

312 

482 

South Atlantic 

3. 5-4. 5 

252 

92 

502 

East South Central 

3. 5-4. 5 

92 

622 

452 

West South Central 

4. 0-6.0 

852 

112 

582 

Moutain 

4. 0-7. 5 

142 

332 

512 

Pacific 

3. 0-7. 5 

332 

602 

512 

Hawaii & Puerto 
Rico 

/j 

6.0-7, 5 

992 

752 

132 
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• Middle Atlantic - This region It similar co the New England 


region, but with even leas of a dependence on oil and gas. 
Although this region le a wit nore reluctant to use nuclear, 
it le rapidly converting to coal. Thue, this region receives 
the ease prognoele an New England, 
e Eaet North Central - Thia area haa low solar availability, 
little dependence on oil and gas, and few publicly owned 
utilities. As a result, this area has little or no prospect 
for large scale solar energy in this century, 
e West North Central - This area has low eolar availability and 
little dependence on oil and gas. The southern portion of 
this region, however, has a higher solar availability and a 
greater dependence on oil and gas. Individual states, such as 
Kansas and Missouri, nay provide a market for central station 
photovoltalcs. 

9 South Atlantic “ This area has sons high solar availability, 
a significant dependence on oil and gas, and a projected load 
growth that is rapid. However, it has little public ownership. 
While this sector is not likely to be an entry market, It 

will develop rapidly following successful entry market penetra- 

/ * y ■ 

tion elsewhere. / 

e East South Central - The Tennessee Valley Authority's presence 
In this area creates a unique issue — what is the role of 
federal power projects in the marketing of solar power? 
e West South Central - With an 85% dependence on oil and gas, 
high insolation, and a rapid capacity growth in its future, 
this area could provide a significant early market for 
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photovoltaic central stationa. Evan though only 11% of the 
capacity in thia area ia owned by tha public, that 1 IX should 
provide an early market. 

a Mountain - Relatively high insolation levels, publicly owned 

utilities, and load growth are available in the southern mountain 
region. Its dependence on oil and gas, however is not aiguil- 
le ant. In fact, this area uses mostly inexpensive coal. However, 
Arizona and New Mexico each have developed a significant dependence 
on oil and gas, and historically have been receptive to solar 
energy technologies. With proper federal incentives, these 
two states could provide a prime early market for photovoltaic 
central station power. 

a Pacific - All indications are that the Pacific region is the 
prime market in the continental U.S. This area is depending 
heavily on hydroelectric power for growth, but in some areas 
there is not enough hydroelectric power or it comes with expensive 
water control requirements. In fact, hydroelectric power can be 
expensive unless the government funds the dam from recreation 

■ in ■ . 

funds, water resource funds, or transportation funds. This is 
evident by the recent statement by a publicly owned California 
utility that claimed its breakeven cost for photovoltaics is 
$2.70 watt — in competition with hydroelectric power . This 
situation appears to be unique to the west coast, where coal is 
not burned, nuclear power is discouraged, oil and gas are expen- 
sive, and available hydroelectric resources are already being 
utilized. 
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• Hawaii & Puareo Rico * Thasa islands axhibit market character- 



istica that are conducive to solar powar. Moraovar, there is a 
generally positive, and in sosa casa aggressive, atfeituda towards 

: V, 

solar. 

B. UTILITY VIEWS 

Among tha entire alactric utility industry thara axists a ganaral 
lack of knowladga of photovoltaic powar technology. Thara ara sons utilities, 
however, in ragions of tha country identified as aarly markets , whara 
thara axists at least a monitoring of solar anargy developments. Most of 
thasa utilitias view photovoltaics as an expansive, unproven technology 
whose practical use is at least a decade away. 

Despite this attitude, interest in solar anargy is growing within tha 
utility industry. Mora and more southwestern and west coast utilitias ara 
watching the development of central station solar powar. One California 
municipal utility is actually seeking government assistance, in tha form of 
price guarantees, in building the nation's first large central station 
photovoltaics plant. 

Several electric utility survey! have been conducted to establish the 
conditions under which the utility industry would buy photovoltaics. The 
consensus is that a demonstration or commercial plant must operate successfully 
for 3-5 years in a grid connected central station application before most 
utilities will consider photovoltaics a technologically proven system for 
central station applications. Thera is disagreement over the size of this 
plant: desired sizes range from one megawatt to 50 megawatts. 

There are several good reasons why the utilities are insisting on 
this demonstration of the technology: 

e Unknowns concerning photovoltaics necessitate prudence by utilities, 
which must provide reliable power at a reasonable cost. 
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• Although photovoltaic* it a ralativaly banign technology with retpact 
to safety and the environment, lack of data on long term environmental 
impacts arouses caution. 

e Utilities are not convinced that estimated construction lead times 
are adequate. 

e The mode of operation of an Intermittent power source la a point 
of concern that requires operational experience to validate. 

f 

The utilities must satisfy three basic constraints: 

f. 

e Provide reliable power 

e Conform to Public Utility Commission (PUC) regulations and rulings 

e Maintain a ciedlt rating and profit rate that allows the utility 
to be able to obtain capital for new generating capacity. 

These three constraints tend to work against the early market penetra- 
tion of photcvoltaics. The reliability of solar power has not been proven 
to be comparable to that of conventional power. Solar power is not perceived 
as a sound investment by the financial community. Public Utility Commissions 
are reluctant (sometimes due to consumer pressure groups) to allow ratepayers 
to fund expensive solar experiments. 

On the other hand, there are a number of factors limiting the use of 
conventional power. The barriers to solar utilization must be balanced 
against these impediments, which are discussed below. 

1. Legal Restrictions on Gas and Oil 

The Power Plant and Industrial Fuel Use Act of 1978 prohibits the 
installation of new gas or oil fired capacity. Although there are excep- 
tions in this law, it has generally been effective in limiting the use of 
those scarce fossil fuels. 
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2. Long Lead Ti— 


Because of complicated licensing procedures and long construction 
periods, it usually takas 7 to 10 yaars to build a coal plant, and 12 yaars 
for a nudaar plant. This Halts tha spaad with which utilities can convert 
from oil and gas to coal and nuclear power. Mora Importantly, most PUC's 
do not allow construction work In progress In tha rata base, which naans a 
plant must be operating before tha utility can begin to receive a return 
on its investment. The nodularity and short lead tines of photovoltaics 
can alleviate these two problems. 

3. Resistance to Nuclear Power 

The Three Mile Island Incident has Increased popular opposition 
to nuclear power. Many states are not allowing the addition of any nuclear 
plants* In those states that allow nuclear power, new license application® 
are consistently being challenged by the adversaries of nuclear power. 

4 . Regulatory Limits on Coal 

Environmental standards for clean air are gradually becoming more 
stringent. The recently amended Clean Air Act, as well as many individual 
state regulations, result in a more difficult licensing and inspection process, 
as well as in more expensive coal plants. 
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SECTION IV 


COMMERCIALIZATION ISSUES 

An understanding of cha central station market sector — and the /' 
principal issues and barriers associated with that sector — is essential to 
the formulation of photovoltaic central station market development strategies* 
It is the purpose of this section to identify and illuminate the range of 
issues which will Impact central station commercialization efforts* 

The primary issue areas that must be considered in preparing a market 
development strategy for photovoltaic central stations relate to the high 
cost, high risk, and implementation barriers associated with this technology* 
Specific issues that will be addressed with respect to each of these areas 
are summarized in Table 4-1, and are discussed in detail in the following 
paragraphs* 

A. ECONOMIC BARRIERS 

The cost of photovoltaic* is the greatest obstacle to the achievement 
of the overall objectives of the National Photovoltaic Program* An installed 
photovoltaic system today would cost from $10-$20/peak watt, which is several 
times larger than the $1.10-1.80/peak watt price needed to be competitive 
with petroleum power* The cheapest system bid to date was a $ 16/watt bid 

M ' 

on a PRDA System in 1979. One company, however, claims that it could install 

■ / ■ 

the first megawatt of a 100 MWe system for approximately $ 10/watt in 1981* 

These cost estimates are not only high, but they contain a great deal of 
uncertainty since no central station photovoltaics plant has ever been built. 
These high initial investment costs, coupled with high interest rates, cur- 
rently make photovoltaic systems economically unattractive. 
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TABLE 4-1. PHOTOVOLTAIC CENTRAL STATION ISSUE AREAS 

D A. ECONOMIC BARRIERS 

1., Modules 

2. Balance of System 

3. Utility Worth 

4. Financing 

B. TECHNOLOGICAL RISK 

1. Lack of System Exparlanca 

2. Lack of User Awareness and Confidence 

C. IMPLEMENTATION BARRIERS 

1. Materials Availability (Silicon) 

2. Lack of Industrial Infrastructure 

3. Lack of Standards and Codes 

4. Large Land Requirements 

5. Environmental Impacts 

6. Legislative Requirements 



Thar* ara four as pacts to the problem of high coat of photovoltaic 
central stations, each of which will b* addrassad individually. These include 
the cost of the nodules, the coat of the balance of the aysten, the worth of 
photovoltaic* to the utility, and financing. The factors affecting each of 
these aspects, and potential policies that could alleviate specific problens, 
are considered in this section. 

1. Coat of Modules “ Photovoltaic nodules are the building blocks 
from which photovoltaic electricity is derived. Currently, a major cost of 
photovoltaic nodules is in the silicon used. The development of processes 
to reduce the coat of single crystal silicon is the single most important 
element of a strategy to reduce the coat of photovoltaic modules, although 
the establishment of an automated production plant would also decrease the 
cost of delivered modules. However, the opportunity to reduce tha cost of 
modules through mass production depends upon the existence of sufficient 
demand; yet the demand is not likely to develop without a reduced cost for 
modules. 

The federal role in inducing cost reductions through mass production 
needs to be defined more precisely. The stimulation of mass production in 
order to enable a reduced cost for photovoltaics has been and will con" 
tinue to be a key element of the National Photovoltaic Program's strategy. 

By applying a combination of financial incentives (discussed below under 
Balance of System) to producers of photovoltaic modules, the federal govern" 
ment could enhance production in all periods considered in this document. 

The stimulation of mass production in the very near"term would probably 
require the federal purchase of mass production facilities. These facilities 
could then be transferred to private industry ownership through any of a 
number of mechanisms for lease and/or delayed purchase for subsequent operation 
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*nd owns r ship. Although this would require a lArgo federal outlay, 

•ignlflcAnt lovorAgA would bo roturnod for thoso dollars. First, cost 
reductions for photovoltAlc colls would bo roollzod iasMdlately. Second, 
mass production techniques would be eetsbllshed end In practice. And lest, 
but not leeet, the prlvste sector would sssuae the responsibility for 
marketing photovoltslc systems. Consequently, the potentlsl leverage froe 
federsl do Hers Invested in such s plsn deserves serious coneiderscion. 
However, such s plsn would require s silicon production plant as well, which 
may not be cost-effective In the mid-term (see discussion under Msterlsls 
AvAllsbility). 

Reducing cost in the aid- or long-tera con best be sccoaplished through 
(1) technology developaent end (2) resesrch end developaent. Efforts in 
R&O ere alresdy underwsy in the National Photovoltslc Progrsa, And no Addi- 
tions! efforts sre required explicitly for central station market developaent* 
A technology developaent effort for central station, on the other hand, would 
be beneficial to a strategy targeted at the mid-term market expansion. Such 
an effort should concentrate on the industrial engineering problems of 
establishing a module manufacturing plant. 

2. Balance of System - Although reducing the cost of photovoltaic 
central stations is highly dependent upon reducing the cost of modules, an 
Important consideration for central station applications is the cost of the 
balance of the system. The balance of the system for central station appli- 
cations includes land, structures, transfer equipment for both direct and 
alternating current, inverters, optional storage equipment, and electric 
plant equipment for switching, power conditioning, plant controls, and pro- 
tective features. In the long run, as the cost of modules decreases, the t( 


29 



coat of tha balance of tha ays tan will assume greater significance. 
Development of lnnovatlona/coat reductlona for balance of system coaponenta 
la oriented toward laproving ayatea reliability and coat effectlveneaa In 
the long run. 

However, In the near-tera, there are two fundamental typea of actlona 
that could reault In algnlfleant reductlona In the coat of photovoltaic 
central atatlona. Flrat, financial Incentlvea at the federal level to 
produce or aell photovoltaic central atatlon ayateaa would reduce the 
effective coat of photovoltalca and, If algnlfleant enough, atlaulate the 
purchaae of hardware. Second, an increaae In the production of those 
ayateaa would reduce coat and reault In further aarket penetration. 

There are four typea of federal financial Incentlvea which could 
readily be puraued that would have a favorable lapact on the coat of both 
photovoltaic aodulea and the balance of ayatea coaponenta. 

a. Direct Granta 

Direct granta could purchaae an entire ayatea or be part of a 
coat sharing or rlak sharing prograa. In either caae, direct grants have 
produced the moat draaatlc coat reductlona, but can only be applied to a 
small segment of the aarket. Direct grants, therefore, are best suited 

for demonstration projects or targeted for early coomercial systems, where 

\\ 

such market stimulation could lead to an accelerated commercialization 
of the most promising market. 

b. Direct Loans 

Even when photovoltaic systems are nearly competitive with con- 
ventional alternatives on a life cycle cost basis, photovoltaic systems will 
• still require a large Initial capital outlay. In an economic environment 
characterized by high Interest rates, a low interest federal loan would 
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bring photovoltaic* to an economically competitive .level sooner then if 

t 

commercial Interest rates prsvailed. The best time f or these loans would 

be when cost analyses indicate that the lower Interest rate would sake a 

o 

significant difference in the advisability of photovoltalcs for a specific 
market. Future aarket studies are necessary to indicate the best tlae 
for such loans. In any case, their tlaing will depend on the aaount of 
loans available, the cost of photovoltaic and alternative energy systems, 
the commercial Interest rate, and the status of other barriers. 

c. Loan Guarantees 

The next best thing to a direct loan is a guaranteed loan. The 
federally guaranteed loan can reduce risk to the lenders, and thus reduce 
interest rates. Although these interest rates will be auch higher than 
for a direct loan, they can be applied on a auch larger scale, since no 
initial federal outlay is required (and possibly no outlay at all). As 
with direct loans, the initiation of federally guaranteed loans should be 
timed to get the most leverage out of the aarket environment. 

A major difficulty with loan guarantees instituted on a broad scale 
for central station photovoltalcs is that, depending on the success of 
photovoltalcs, the loans are likely to be either totally repaid or totally 
defaulted on, which compounds the risk to the government. 

d. Tax Credits 

Tax credits have already been applied to small scale solar energy 
projects. Tax credits are a form of cost sharing, but are unique in that 
no initial capital outlay is required. Rather, the only loss is that of 
future revenue. Tax structures for electric utilities are far more complex 
than for small users, however. The applicability and effectiveness of 
federal tax credits for central station applications requires further study. 
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Price guarantees ere e useful technique to obtain e long ten 
ceimitmant to photovoltalcs* This commitment also serves to establish 
sufficient dewind for photovoltalcs so that an Industrial Infrastructure 
can develop* This developaant would then facilitate the fall of systee 
prices enabling the market to obtain long range equilibrium characterised 
by significantly lower prices and higher demand than that which prevails 
currently* 

1 

The essence of this method is to utilise the projected long range 
declining prices of photovoltalcs in comparison to the long range 
increasing prices of conventional technologies* The federal role in 
this mechanism is to guarantee the utility that photovoltaic prices will 
actually fall in the future as predicted* The utility can then conduct 
its cost analysis in an atmosphere of diminished economic uncertainty* 

The benefit for the utility is a guaranteed long term cost of energy; 

! i 
( 

the benefit for the National Photovoltaic Program is the opportunity to 
commercialise photovoltaic systems faster than would occur in the absence 
of price guarantees* 

By its nature, this technique will yield its most dramatic results 
as a short-term strategy, since eventually photovoltaic systems should 
be competitive in the free market and will require no price guarantees* 

(i 

3. Utility Worth - The worth of photovoltalcs to utilities encompasses 
a broad range of Issues related to the cost of acquiring photovoltalcs in 
relation to the cost of not acquiring photovoltalcs* 

One of the key features of utility worth is the calculation of busbar 
costs of electricity* This calculation is in itself not necessarily 
straightforward, since several factors and assumptions must be quantified 
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that will vary aaong utilities. Thaaa faccora Include eha capital structure 
of eha utility, tha coat of capital, the income tax rata, lnvaataant tax 
cradlta, proparty taxaa, dapraclation method for tax purposes, inflation 
rataa, and escalation rates for tha aaana of production. Thaaa inputs will 
vary depending upon the nature of tha utility and its location. For example, 
public utilities are not required to pay taxes, and can obtain capital at 
favorable rates cospared to private utilities. In addition, methodologies 

e:;> 

for determining levelized busbar coats do not always produce comparable 
results. Consequently, the determination of even the most fundamental 
element of utility worth analysis may not yield unambiguous results when 
applied to the analysis of photovoltaics. For this reason, it Is important 
that a consistent, thorough, and reliable methodology be developed that 
Includes both economic and non-economic factors and accurately evaluates 
the worth of a photovoltaics central station plant to an electric utility 
uniformly. The technique should be formulated to be acceptable to both the 
utility industry and to DOE. 

In addition to the costs of producing electricity, procedures must 
be Incorporated into the utility worth analysis to assess the true worth 
of photovoltaics by including factors that are beneficial yet unique to 
photovoltaics (and consequently are generally not considered). For example, 
a distinguishing characteristic of photovoltaic central stations is their 
modularity. This modularity nay provide the benefits of Improved generation 
planning, which should have a quantifiable worth to a utility over and 
above levelized busbar costs. Currently, an electric utility must conduct 
complex generation planning exercises to meet capacity demands which must 
be estimated 5-12 years in advance of the Installation of conventional power 
plants. Because of trends towards economies of scale, utilities often put 
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in large planer before tha entire capacity it needed, but long af tar iota of 
tha capacity ia naadad, raaulting is a cyclical variation oe tween peak load 
and paak capacity. Virginia Electric and Power Coepany , for example, waa 
one GVe abort in 1972 and 1973, but vaa 1-2 GWe in excess each year froai 
1974-1977 (Ref* 19)* Tha Sacraaento Municipal Utility Oiatrict waa 
400-600 M^e abort fron 1972-1975, but waa 200-300 MWa in exceaa fron 
1976-1978 (Ref* 19) due to the inetallation of a 914 MWa nuclear plant 
in 1976. With photovoltaic*, a utility can add capacity increaentally , 
thua amplifying auch of the generation planning and iea related problena* 

Another potential affect of the nodularity of photovoltalca la that 
economies of acale are not aa algnif leant as for conventional power. Al- 
though a one reduced coata per kW have been quoted for larger planta, they 
nay be outweighed by the advantagea of oparatlng smaller planta. Some of 
theae advantagea nay have not bean previously considered. For example, when 
a utility operates several small planta instead of a few large planta, tha 
total capacity requirement la reduced. This phenomenon is attributed to 
tha reduced reserve requirement that arises from the reduced probability 
of the loas of a large generating unit (Ref. 27). Transmission and 
distribution costa (currently estimated at 102 of 0&M costs) and losses 
may also be reduced when plants are dispersed. Construction times may be 
shorter for smaller plants, thus providing savings in capital cost during 
construction. The question of whether photovoltaic central stations can 
be applied to the capacity requirement remains to be resolved. 

An additional attribute of modularity which should be of particular 
importanco to private utilities is that a utility that adds photovoltaic 
capacity incrementally does not require large amounts of capital to be 
dedicated to the construction. Since utilities are not permitted to obtain 
a return on funds used during construction, this aspect should serve to 

increase the worth of photovoltaic systems. 
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As a result, this phenomenon not only permits generation planning to incorporate 
the results of shorter-term market forecasts , but also enables the utility 
to exercise more stringent financial management. 

Finally, a determination auet be made concerning the worth of fossil 
fuel displacement as a desirable policy irrespective of purely economic 
criteria. The inclusion of such a judgment in a worth analysis s^Sy be 
justified based upon national energy policy and the Inherent unpredictability 
of fossil fuel prices. The worth of less variable prices for photovoltaic 
systems (assuming a federal price guarantee or similar funding mechanism 
for short run commercialisation) should be evaluated. 

A study of these potential advantages of photovoltaic central station 
plants, which should also include an analysis of whether or not the 
utilities would welcome such advantages, could further illuminate the 
advantages of photovoltaics and increase its worth to utilities. 

4. Financing - The investment in a 50-100 MWe central station facility 
will require significant amounts of capital. Financing the large capital 
investment required for a photovoltaic central station will be particularly 
difficult for early market penetration, due to the high level of perceived 
risk associated with this technology. 

The major issue that needs to be resolved with respect to photr^r,./ d 
central station financing is the federal role in providing insurance net 
losses to reduce risk. Several options are available to the government. 

A straightforward option is the direct federal financing of photovoltaic 
central stations, which can be a accomplished through grants, loans, 
federal purchases and tax credits j. or loan guarantees, as described in 
previous sections. Although this method is the most direct approach to 
photovoltaic commercialization, it is also one of the most costly, requiring 
capital outlays in the short run. 
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Ths government possesses other powers that eea be wielded to effect 
the coeaercleXlcetlon of photovoltaic central stations Indirectly by asking 

financing aore attractive to other parties. For example, legislative 

o 

requireaents enabling the prompt introduction of photovoltaic syeteas into a 
utility's rate base would aake photovoltaic* a viable alternative for private 
utilities particularly if federal intervention precluded local regulatory 
penalties for systea failures during start-up phases. Similarly, redefining 
photovoltaic central stations as part of a utility's capacity requlreaant 
would supplant the need for conventional capacity expansion, freeing private 
capital for investment in photo volt sics. The use of such legislative 
initiatives, used in tandea with other fiscal alternatives, should be 
examined as techniques to facilitate the market development of photovoltaic 
central statlou. 

B. TECHNOLOGICAL RISK 

Equally Important as the economic considerations are the issued 
associated with the technological risks of photovoltaic central stations. 
Although the basic photovoltaic cell is a technologically proven device, 
its application I# central station electric power plants is considered 
(by the electric utility industry and the financial world) a high risk 
venture. This is simply because no photovoltaics central station power 
plant has ever been built or operated. These technological risks exacerbate 
the economic risks discussed previously, since cost reductions in photo- 
voltaics resulting from anticipated breakthroughs are difficult to forecast 
precisely. In addition, the danger exists that the industrial infrastructure 
required to maintain and operate a plant will not be available. Whether 
or not these risks are substantial, they., are real in the sense that they 
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arc perceived by the electric utility industry and financial institutions, 
which coaprisa tha aarkat for photovoltaic cantral stations. 

Historically, utilitias hava baan financially consarvatlva slnca thair 
sarvlca racords and ratas of roturn ara dosaly scrutlnisad by public 
agendas. Gonsaquantly, some impetus oust be provided by tha federal govern** 
sent to provide utilities with sufficient incentives to overcome the funda- 
mental inertia of this market. Diminishing technological risk is a major 
activity in such a strategy. The problem of technological risk is discussed 
below with respect to both the requirements for systems experience as well 
as with respect to the need to provide individuals with Information on the 
capabilities and reliability of photovoltaic systems. 

1. Lack of Systems Experience - Most electric utilities require data 
on the operational characteristics of a 50-100 MWe plant over a 3-5 year 
period before they would consider investing in photovoltaic*. By this 
reasoning, such experience would provide the utilities with sufficient in- 
formation on reliability, cost, usage, operating and maintenance, and other 
data, which would reduce the technological risk. 

A major consideration that must be resolved in a market development 
strategy is the difficulty that an electric utility would have in integrating 
a photovoltaic system into the conventional grid, even if such systems were 
available and cost-effective. This difficulty is a direct consequence of 
the lack of systems experience with photovoltaic central station applica- 
tions. First, the infrastructure to support the installation and maintenance 
of a photovoltaic facility is not intact, and as a result the acquisition 
of these services imposes both a cost and a risk on the utility that first 
adopts photovol talcs. Second, the operator training required for a facility 
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powered partly by tolar anargy la not aval labia, ao tha utility risks 

I 

aarvlca interruptions* J 

Tha most proalaing tachniqua for eliminating thia commercialization 
barriar la for tha government to aaauna a portion of tha rlak through 

) j 

demonstration projacta of commercial ay a tana. Tha oparatlonal axparlanca 
gainad from auch projacta auat than ba thoroughly oonitorad and carafully 
recorded to insure maxim u m banaflta to utilities* In addition, tha 
knowledge of tha ayataa charactariatica acquired through thaaa projacta auat 
ba diaaaalnatad throughout the appropriate market sectors. In thia manner, 
tha demonstration projacta would alao help to alleviate uaer awarenesa 
problema, which alao tend to augment the perceived technological rlak. 

2. Lack of Uaer Awareness of and Confidence in Photovoltaica - Thia 
particular barrier is moat aerioua in the near-term, aince it threatena to 
hamper the initial commercialization of photovoltaica in central station 
applications. Several electric utility surveys have indicated that there 
la a general ignorance of solar energy in the utility industry. Although 
thia individual factor by itaelf is not preventing any commercial buys 
currently, in a few years when systems reach early market competitiveness 
this barrier could stunt market growth. 

The tremendous effort required to get systems to a competitive level 
should not be wasted because of a lack 3f information and communication. 

What is needed to overcome (or prevent) this barrier is a powerful informa- 

... •- ' ‘ 

tion dissemination program, coupled with the appropriate demonstration 
projects, in order to keep abreast or the rapidly advancing technical develop- 
ments. This program should include collecting data from operating photovoltaic 
systems and actively disseminating this information within the central 
station market segments that are considered penetrable by photovoltaics. 


38 



Specific functions of this program should be designed to provide date, 
technical facts, contractor naiseo, standards and codes information, general 
photovoltaic information, and possibly mobile mlnl-deaonst ration projects. 

In order to be most effective, this information program needs to 
include the following elements: 

e Data Accessibility ~ The program must have easy and expedient access 
to the technical knowledge and field performance data that is col- 
lected by the field offices and laboratories. This element of the 
program is crucial to the public image and understanding of the 
Photovoltaics Program. 

e Data Consistency - The data disseminated by this program must be 
collected and assembled in a common format. Otherwise, the per- 
formance of different systems will be difficult to compare; and 
potential users may become confused and disenchanted with photo- 
voltaics. This data consistency effort will require cooperation 
from the field offices and the laboratories, and coordination by 
the Tests and Applications Branch of the Photovoltaics Program. 

e Interactive Information Flow - A mechanism for distributing the 
information must be interactive and thorough in its approach to 
reach all potential users. Additionally, the mechanism must be 
able to accept feedback from industry (and respond to this feed- 
back) so that industry recommendations for improving this or any 
part of the Photovoltaics Program can be considered. 

e Mobile Demonstrations - A few small arrays that can be transported 
around the country could serve several purposes. First, the arrays 
would give a firsthand display to potential users that the system 
works. Second, it would help to familiarize Industry with the 
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system and lea components. Finally, the mobile demonstration 
project could be used to provide site specific solar availability 
data. 

In addition to the elements listed above, a possible extension of the 
Information program could Include a product test and comparison project. 

This project could offer to test (free of charge) any commercial component 
of a photovoltaic system. The test results could be published In a clear, 
concise form that would allow a user to coopare competing components. This 
project would have three distinct purposes: 

e provide potential users a mechanism for "shopping” for photovoltaics 
e maintain general quality control in the photovoltaic industry 
e contribute to the adoption of industry-wide standards and codes 
for photovoltaic systems. 

C. IMPLEMENTATION BARRIERS 

In addition to the issues relating exclusively to cost and risk, there 
are also a number of Issues that need to be addressed by the National 
Photovoltaics Program In order to Implement central station photovoltaic 
applications. . These issues range from the problems of developing an in- 
dustrial infrastructure to accommodate the photeVbltaics industry to 
legislative and programmatic factors that must be considered in preparing 
a market development strategy. Each of these issues is considered individ- 
ually below. 

I. Materials Availability - The availability of materials for photo- 
voltaic central station applications presents a barrier to the attainment 
of commercialization goals only insofar as there exists a shortage of materials 
for module production. The materials required to manufacture the balance of 
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system components ~ Including structure, DC and AC wiring, power conditioning 
equipment, control stations, and storage equipaant ~ are generally obtainable 
when necessary. The predoalnant barrier to aass production of aodules is 
the availability of sufficient quantities of polycryatalline silicon. 

The availability of silicon la probleaatlc for two basic reasons. 

First, there exits a coapetltlon for supplies with Integrated circuit 
manufacturers who require large aaounts of the aaterlal for semiconductors. 

The Integrated circuit industry is projected to exhibit continued growth 
over the next few years, with no aignlf leant private investments in new 
silicon manufacturing capacity planned. This phenomenon should place 
additional strains on existing capacity. 

Second, there are new technologies being developed under federal 
contracts to produce polycrystalline silicon less expensively than current 
processes. For this reason, investments in conventional production 
capacity are uneconomical, requiring depreciation of equipment over a 
shorter period of time than historically. In addition, the cost of new 
silicon production equipment has increased since the technology was first 
introduced. 

Consequently, conventional polycrystalline silicon manufacturing 
equipment is at present a technology that is about to become obsolete, 
and yet is depended upon by both the integrated circuits industry as well 
as by the emerging solar cell industry. The impact that this development 
will have on central station photovoltaic applications is dependent upon 
the response of private industry to any perceived materials shortages. 

At worst, the problem will affect the ability to produce photovoltaic 
modules in the near term only, thus delaying the achievement of PV Program 
goals. At best, the shortage will not develop as predicted. 
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Thera are several options open to DOE for responding to sny anticipated 

a 

shortages. For example, DOE could simply allow the market to dictate the 
availability and pries of silicon. Alternatively, the government could 
offer Joint financing/ownership of new silicon manufacturing equipment with 
companies that would also require it. Finally, the government could con- 
struct silicon processing plants on its own to provide only the silicon 
necessary to meet its own goals, expensing the cost of the equipment. 

It is not unreasonable to expect some of the required materials to 
be provided from private sources. A recent projection of polycrystalline 
silicon supply and demand is shown in Table 4-2 (Ref. 16). As shown in 
this table, the non-solar market demand is expected to outstrip supply 
even if no photovoltalcs are installed. Therefore, the integrated circuit 
and power device industries are facing a shortage regardless of whether 
additional silicon espadty is constructed. As stated previously, these 
industries are reluctant to invest in new capacity since federally-funded 
research and development programs are expected to yield significantly 
less expensive silicon manufacturing processes by 198b. The cost of manu- 
facturing silicon using the old process in a new plant is shown in Table 4-3 
(Ref. 16). 

As noted in Reference 16, polycrystalline silicon at this cost is 
approximately 1% of total manufacturing cost for the integrated circuits 
industry; for photovoltalcs the percentage is significantly higher. Hence, 
manufacturers of integrated circuits can afford to pay more for silicon 
than the photovoltalcs industry. 

The manufacturers of integrated circuits therefore are caught in a 
dilemma. They are aware that the government is developing processes to 
reduce the cost of silicon by 1986. At the same time, they ought to be 
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TABLE 4-2. POLYCRYSTALLINE SILICON (SOLAR AND NON-SOLAR): COMPARISON OF CAPACITY AND MARKET NEEDS 

FOR IfIGtr FORECAST (METRIC TONS) ^ 


Capacity to Produce 


Year 

Non“Solar 

Market 

Solar* 

Market 

* Total 
Market 

Without 
Non-Co ir* 
foralng** 

With 
Non-Co tm 
foralng** 

1977 

1128 

8 

1136 

2105 

2420 

1978 

1533 

16 

1550 

2129 

2459 

1979 

2042 

60 

2102 

2270 

2610 

1980 

2357 

122 

2479 

2695 

3100 

1981 

2680 

211 

2891 

2885 

3320 

1982 

3056 

420 

3476 

3050 shortage 

3510 shortage 

1983 

3415 

816 

4231 

3145 

3615 

1984 

3815 

1580 

5395 

3195 

3675 

1985 

4220 

2760 

b980 

3245 

3775 


*For PV power capacity required by Public Law 95-590. 

**Non-conforming to integrated circuits Industry specification. 



TABLE 4-3. COST OF MANUFACTURING POLYCRYSTALLINE SILICON NEW PLANT - 
OLD TECHNOLOGY (SIEMENS) 


Power at $0. 03/kwh 

$ 8.00/kg 

SIHCI3 at 3 cents/graa 

17.00/kg 

H2 et $0.80/100 cu. ft. 

2.00/kg 

Supplies 

4.00/kg 

Maintenance and Engineering 

4.00 /kg 

Wages 

2.50/kg 

Salaries 

1.00/kg 

Miscellaneous 

1.50/kg 

Depredation 10 years straight line 

20.00/kp 

Cost 

$60. 00/kg 


;? 


# 
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*y«r« of the supply/demand forecasts of Tabla 4-2. Facad with both of 
thaas projections, executives of lntagratad circuiting manufacturing con- 
carna ara facad with two choicaa. They must aithar secure a supply of 
ailicon (presumably at a price significantly higher than will prevail in 
1986) or else allow a allicon aupply disruption to advaraaly impact thalr 
ability to conduct thalr business. Since silicon accounts for only U of 
manufacturing costs, it seams likely that private manufacturers will secure 
their supply rather than disrupt their operations. In fact, from the per- 
spective of such manufacturers, depredating a plant over 4 years rather 
than 20 years would Increase the cost of silicon from $60/Kg to $90/Kg, 
which would increase the cost of their product about 1/2 of 12. Compared 
with the costs of being at a severe competitive disadvantage in the Integrated 
circuits market for 2-3 years due to a silicon shortage, the Investment in a 
secure source of silicon would seem attractive, even if the equipment became 
obsolete by 1986. 

Consequently, one would expect the supply of silicon to the integrated 
circuits Industry to be sufficient to meet the demand, even in the absence 
of technological breakthroughs. The price at which silicon will be available 
to this industry remains uncertain. 

The demand for silicon by the solar market is dependent on the price 
of silicon. Three demand forecasts show dramatically different requirements 
for the solar market. These forecasts are shown in Table 4-4. Historically, 
about 15% of the non-solar market demand has not conformed to the Industry 
standards (and as a result has been available to the solar market). There- 
fore, one might expect about 633 metric tons of silicon (15% of 4220) to be 
available to the solar industry by 1985 even if the government takes no 
action to promote silicon production. If only 15% of the non-solar market 
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TABU 4*4. COMPARISONS OF SILICON DEMAND FORECASTS 1 


Year 

Non-Solar 

Market 

Solar 

P.L. 95-590 
Scenario 

Market 

Median 

Scenario 

Low 

Scenario 

1977 

1128 

8 

8 

8 

1978 

1533 

16 

16 

16 

1979 

2042 

60 

31 

31 

1980 

2357 

122 

45 

30 

1981 

2680 

211 

113 

57 

1982 

3056 

420 

217 

146 

1983 

3415 

816 

387 

258 

1984 

3815 

1580 

645 

386 

1985 

4220 

2760 

980 

577 

1 Dcrlv«d fro* "Silicon Material Outlook Study 
JPL Publication 79-110, November 1, 1979. 

for 1980-85 

Calendar Years, 


demand it Available to the solar Market, then the solar Market can at best 
achieve a deaand soMewhere between the low and the Median forecasts. 

It is further unlikely that the price of silicon will drop dramatically 
when the advanced technologies are coMnerdally available In 1986, since 
even those industries utilizing fully depreciated equlpnant can be expected 
to purchase as Much low-cost silicon as possible. In the process of doing 
ao, they can be expected to bid the price up to the Marginal cost of produc- 
tion using the old process, which is $40/kg. In fact, under free Market 
conditions, It nay take several years after the coanardal availability of 
new technologies for sufficient nunbers of new technology silicon plants 
to becone coanardally available and produce low-cost silicon for the 
solar industry. This delayed penetration for solar applications results 
fron the increased ability to pay of the Integrated circuit Industry, 
this aeans that under free market conditions all non-solar capacity oust 
be supplanted by the new technology before the price of silicon for solar 
cells will decline. 

As a result, natural market forces cannot be relied upon to reduce 
the price of silicon for solar ceils. Rather, the government must 
intervene in the marketplace in order to achieve an aggressive goal such 
as the penetration mandated by Public Law 95-590. Such intervention 
could take the form of: 

1 ) Loan guarantees to silicon manufacturers to expedite the acquisi- 
tion of new process equipment 

2 ) Joint ownership of silicon production facilities 

3) Tax credits for purchase of silicon production equipment 

4) Favorable legislation for the vertlde Integration of solar cell 
manufacturing enterprises. 
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Although Mch of that* Miiurts My achieve son degree of success, 
tho aoat promising options art thoaa that guarantaa a supply to tha 
solar call industry, and thus do not subject tha industry to coapatition 
froa othar usars of silicon. In fact, tha coaaarcial viability of 
photovoltaic anargy — and in particular tha application of this technology 
to central stationa — depends upon tha availability of low-cost silicon. 

In suaaary, over tha next decade tha shortage of silicon My Halt 
tha coaaerclallsatlon of photovoltaics in tha absence of govenwent inter- 
vention. Tha nature and tha tlalng of this intervention will play a Mjor 
role in tha coaMrclalisation strategy for photovoltaic central stations. 

2. Lack of Industrial Infrastructure - A coaplata photovoltaics 
industry should provide everything froa silicon for calls to Mlntenance 
for existing systsM. Such a aultl-faceted industry requires a coaplex 
infrastructure which takes tiM to develop fully. This lack of this 
Industrial Infrastructure restrains the speed with which photovoltaic 
market penetration can take place. 

If a utility attempted to purchase a 100 MWe photovoltaic central 
station facility immediately, it could not be done within the existing 
industrial infrastructure. A silicon production plant would have to be 
built, since Inadequate production capacity exists in the current market. 
Also, facilities for fabricating solar cell modules from the raw materials 
must be constructed. Finally, the engineering services needed to install 
large scale photovoltaic arrays must be developed along with the expertise 
necessary to integrate the arrays into the utility grid. Operating and 
maintenance personnel and procedures must also be obtained in order to 
keep the plant functional, which adds another unknown requirement. It 
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aust be anticipated chat such an infrastructure will develop only incre- 
mentally aa cha market placa raaponda to an expanding photovoltaic Industry. 

Lack of an industrial infrastructure, however , doas not appaar to ba 
a sarious thraat to photovoltaic prograat in tha naar-tera sines aarkat 
penetration will not ba that aggrassiva. In tha lata 1980's and aarly 
1990's, howavar, tha expected rapid axpanaion of tha photovoltaic aarkat 
could ba liaitad by tha available industrial infrastructure and its 
ability to expand. 

Deaonstration projects, initial coaaarcial systaas, and eventually 
aass production will contribute to tha gradual davalopaant of an infra- 
structure. To insure consistent growth of tha Industry, tha Photovoltaics 
Program aust taka steps to ensure constant increases in tha total annual 
U.S. purchase of photovoltaic system each year. Failure to do so would 
lead to skepticism and caution in th* industry rather than proaote optialsa 
and aggrassiva growth in a private industry. It Is important to emphasise 
that sporadic federal involvaaant in aarkat davalopaant would pose a serious 
thraat to tha evolution of a photovoltaic industrial infrastructure. 

3. Lack of Standards and Codes - Although this barrier may only 
produce relatively minor disruptions in the growth of central station photo- 
voltaics, it is a barrier that can be avoided with relatively little effort, 
thus leading to a much stronger photovoltaic industry. 

Standards and codas include everything from building requirements to 
methods of collecting and sharing operational Information. The lack of 
such standards could lead to confusion in the photovoltaic industry, and 
ultimately add to the lack user confidence. 
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The federal government is now la e prise position to Institute cosson 
standards and codes in the industry. Because the governaent is involved 
in sost photovoltaic projects now,;: and will be Involved in early central 
station projects, it is in a position to instituta cosson standards that, 
if reasonable, will eventually be adopted by a growing industry. If the 

governaant delays until central station applications are commercialized, 

u ' 

however, it would have to report to regulation to lspose standards and 
codes. This could ultiaately lead to even sore confusion which in turn 
will haaper that achieveaent of program goals. Therefore, & minimal effort 
in the near future that is designed to produce at least an initial set of 
codes which can be iaproved upon as operational experience Is gained could 
yield the greatest benefits in the long run. 

4. Large Land Requireaents - The aaount of land required for large 

i • • • 

central station photovoltaic plants is significant. For example, if 
photovoltaic collectors with a 10% conversion efficiency cover one-third 
of the plant area, a 100 MWe plant (saall by electric utility standards) 
will require approximately 1.2 square miles. A one gigawatt plant will 
require 12 square miles. 

Since there are potential early markets with enough land area for a 
photovoltaic central station facility, land area is not likely to be a 
problem in the near-term or the mid-term. If photovoltaics is to gain 

j- 

widespread commercialization with central station applications, however, 
positive steps must be taken to resolve the land area problem. Techniques 
for preserving and acquiring land or the rights to use land in or near 
urban areas must be developed. 



Solving this problem requires studies of available land, land rlghca 

0 Q 

lava, and tha possibility of federal land uae Incentives. However, since 
this la primarily a long-term problem, It should be given a low priority 
relative to the other barriers* 

5* Environmental Impacts - Photovoltaic central stations are con- 
slderably more benign than conventional power with respect to overall 
Environmental Impact, and photovoltaic «,s terns conform to the National 
Environmental Policy Act (NEPA). However, some Issues have been raised 
concerning the effects of using large land areas for central station 
applications* For example, the Impact of shielding the earth from the sun 
on a large scale could affect not only the land but weather patterns as 

f ) 

well* Additional concerns have surfaced with respect to the environmental 
Impacts of manufacturing photovoltaic cells on a large scale. The most 
prominent of these issues include: 

e The safety of workers exposed to arsenic, cadmium, and other 
hazardous substances during the production of photovoltaic cells. 

e The disposal of mining and plant wastes. Including soluble metal 
chloride, hydrogen chloride, and other mercuric and acidic effluents. 

e The generation of toxic gas during photovoltaic cell production, such 
as silicon dust, boron trichloride, and phosphine. 

Most of the environmental hazards are long term in nature, and will 
develop only after considerable production of photovoltaic cells is 
established. The Office of Technology Assessment is investigating these 
potential problems. In the near-term and mid-term, the impact of these 
environmental issues on photovoltaic cell production Is not expected to 
be significant in terms of either program delays or energy costs. Con- 
sequently, the resolution of these issues should not be afforded as high 
a priority as other barriers identified in this document. 


6. Legislative Requirements ~ The Solar Photovoltaic Enargy Research, 


Development, and Demonstration Act of 1978 (PL95-590) set three sepdflc 
goals for the PV Program: 

(1) Cumulative production of 4 GWe by 1988 

(2) Average cost of one dollar per watt (1975 dollars) by 1988 

(3) Ninety percent user cost share In 1988. 

The extent $o which central station will contribute to the first goal needs 
to be established. Plans for complying with the third goal need to be 
analyzed, including the effects of such potential activities as federal 
price guarantees and similar Innovative financing techniques. 

Furthermore, specific regulations have been promulgated with respect 
to the Public Utility Regulatory Policies Act of 1978 (PURPA) which will 
have an Impact on both the ratemaking policies and the worth analyses of 
utlltles installing photovoltaic systems. Under existing regulations, a 
utility must adhere to federal standards regarding costing techniques, 
time-of-day/seasonal analyses, and load management. Procedural requirements 
contained in PURPA must also be addressed. 

Finally, the impact of federal and state legislation and rulings on 
photovoltaic central station applications must be examined. On the federal 
level, the Powerplant and Industrial Fuel Use Act (PIFUA) Has mandated a 
transition away from oil and gas to alternative energy sources. Similarly, 
individual states and public utility commissions (for example, the California 
legislature) have placed restrictions on the use of certain energy sources 
and technologies. The opportunities for central station photovoltaic applies-* 
tions, as well as potential inhibitions, need to be identified and analyzed 
on a continuing basis. 
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SECTION V 


STRATEGY PRINCIPLES 


A. PURPOSE 

The purpose of a photovoltaic central station aarkat developaent 
strategy Is to accelerate what Is likely to occur as a result of tine and 
natural aarkat forces — the coaaercial use of photovoltaic energy systeas 
In the electric utility Industry. 

As has been Identified In earlier sections of this document, there is a 
need for alternative energy sources In this country, and part of that need can 
ultiaately be satisfied by photovoltaics technology. Currently, however, 
there is a gap between aarket needs and the product that photovoltaics can 
supply. In that gap reside the barriers discussed in the previous section of 
this document. A aarket developaent strategy must be targeted towards breaking 

|i 
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those barriers and bridging that gap. 

if . ' 

B. DEFINITION 

A market developaent strategy is a conceptual approach, which when 
planned and implemented effectively, initiates a series of activities de~ 
signed to bring a technology from its existing state to that of a mature, 
commercialized technology. 

Figure 5-1 places commercialization efforts in perspective with the 
evolution of solar technology from infancy to maturity. The technology 
flow shown in Figure 5-1 forms the basis for the development of a market 
development strategy. In general, a strategy is designed to achieve a given 
objective. That objective generally defines the target of the strategy, 
which in fchis^ case is the electric utility market. In addition to the target 
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TECHNOLOGY FLOW 



Figure 5-1 











Mrkat, a strategy lncludaa a sac of activities daalgnad to bridga cha comaar- 
clallzatloa gap and raach Cha objactlva. If apaclfic quancieatlva goals ara 

u 

■at, than tha aceivldaa must ba phaaad In accordance with Mating tha atatad 
goals. A stratagy, than, consists of 3 basic alaMnts: 
a Targat (Mrkat factors) 
a Salactad Actlvltlas 
a Phasing of Actlvltlas 

Whan this flow takas placa in privata Industry, tha basic alaMnts of 
tha flow ara Mrkat aasassMnt, product davalopMnt and an advartlsing 
campaign, tha lattar balng Mrkat davalopMnt. In tha fadaral govariuoant, 
howavar, thara is a ouch broadar ranga of actlvltlas which can ba implemented 
in a Mrkat davalopMnt stratagy (saa Flgura 3-2). Tharafora, Mrkat develop- 
nant strategics ara ouch broadar in scopa In tha govanuaent than ara those 
in privata industry. Bacausa of this, strategy selection processes oust ba 
examined to determine the appropriate federal strategies. 

C. STRATEGY DEVELOPMENT PROCESS 

Of tha three basic alaMnts of a market davalopMnt strategy — targets, 
activities, and phasing — Cha selection of activities is generally tha key 
strategy selection issue. Market targets are generally straightforward, and 
phasing merely changes the tlM frame of the emphasis of a strategy. The 
activities, however, are chosen to specifically address certain market 
penetration barriers. These activities determine the federal role in the 
commercialization effort. 

Figure 5-2 displays the activities in which the federal government can 
be involved. Two product improvement activities — Technology Development 
and Research and Development — are included in the list even though these 
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ACTIVE 



PASSIVE 


Supply & Demand Market Domination 

Federal Production 

Federal Procurement 

Demonstration Projects 

Direct Grants 

Tax Incentives 

Price Guarantees 

Direct Loans 

Regulation ' 

Loan Guarantees 
Technology Development 
Research & Development 
Information Dissemination 
Develop Standards & Codes 
Studies /Issues Resolution 
Natural Market Forces 


Figure 5-2 
Federal Roles 


activities p raced* market development in the technology Clov. They are 
Included because a market development strategy can depend on these efforts 
being carried out as part of a product Improvement strategy* All the other 
it activities in Figure 5-2 are commercialization activities, and are discussed 
in Section IV. These 14 activities can be grouped into four general 
categories: 

e Federal Procurement 

# Financial Incentives 

e Regulation 

e Information Service 

Figure 5-3 displays graphically the process for selecting the appropriate 
federal activities* Two environmental givens, market needs and technology 
status, define the supply-demand gap that must be bridged. The objectives may 
suggest a method for overcoming these barriers, and provide an indication of 
the extent the market can be penetrated. For a given set of environmental 
conditions, then, several strategies can be developed based on the objectives 
defined. 

D. STRATEGY ELEMENTS 

The strategy development process discussed above should be used to 

# 

extend the general Photovoltaic Program objective to the central station 
sector by bringing photovoltaic energy systems to a state of market penetra- 
tion. The following three strategy elements can be Identified as key aspects 
of any central station market development strategy: 

* Information Program - In order to collect &nd disseminate data and 
information, this program should have data accessibility, data con- 
sistency, an interactive information flow, and mobile demonstrations. 
This important program is discussed in more detail in Section IV. B. 2. 



Federal Role Determination 


Hardware Tasting Program - This program should include s fluid tsst 
and procurements or a sat of financial Incantivas to stimulate hard- 
ware purchases. This program serves the dual purposa of stimulating 
the aarket for photovoltaics while providing information on the 
operational characteristics of the system. By stimulating the 
market for photovoltaics, a hardware testing program would serve to 
fortify the industrial infrastructure supporting the photovoltaics 
market, which would encourage the development of mass production 
techniques for module production. This measure would therefore 
assist in initiating the cost reduction/demand augmentation cycle 
that is kay to Che commercialization of this technology. Also, by 
providing information on the operational characteristics of photo- 
voltaic systems, a hardware casting program would serve, to diminish 
the uncertainty that impedes the acceptance of such systems by util- 
ities. The development and dissemination of the more definitive 
cost and operational data supplied by this program should be conducted 
in conjunction with Che informaclon program described above. 

Issues Resoludon Program - A comprehensive sec of sCudies designed 
Co address Che following issues: materials availability, Che value 

of photovoltaics to utilities (Including such issues as the benefits 
of the modularity of phocovoltaics and of the short construction 
periods required for photovoltaic power plants), balance of system 
costs, financing options, the value and risks of instituting federal 
price guarantees, the development of standards and codes, land use 
problems, environmental impacts, legislative requirements, and Public 
Utility Commission or local government policies and influence. These 
issues are addressed in Section IV, 


That* three key atracagy elements would contribute eo any cantral station 
cosekerciallzations effort. 

Tha salactlon of thasa thraa stratagy alaaanta la baaad on a ganaral 
aaaaaaaant of cantral station aarket naada with raapact to tha ganaral 
Photovoltaic Prograa objactiva and tha tachnology status. Basically, tha 
aarkat sactor raquires thraa conditions for penetration: 
a User Confldanca 
a Affordability 
a Systaa Availability 

Whan coaparad to tha status of cantral station systaas tachnology today, 
nona of tha thraa aarkat naads can ba aatisfiad. Thsra is a ganaral lack of 
confldanca on tha part of tha slactrlc utllltias (as discussad in Section 
III.B), tha systaas are not coot coapatitiva, and no systaas ara available 
today. Section IV contains a discussion of these barriers, including 
a range of potential activities that could span tha demand-supply gap in 
light of the stated general objactiva of achieving aarkat penetration. 
Resolving the lack of user confidence raquires an inforaation prograa coupled 
with hardware projects. Resolving the affordability issue requires financial 
incentive packages that stlaulate aarket deaand, thus reducing costs to 
entry aarket users and generally reducing costs as a result of increased 
production. Systems availability oust be addressed by creating a aarket 
deaand so that an industrial infrastructure will develop. 

In sunoary, the three basic strategy elements, based on one general 
objective, are designed to bridge the gap from: 

e lack of user confidence to an aggressive aarket deaand 
e non-affordability to competitively priced systems 

e an infant industry to the development of an industrial infrastructure. 


E. OBJECTIVES AND STBATECIES 

» 

The preceding portion of thii section hat provided a tat of strategy 
prlndplaa which, whan appllad to apaciflc eantral station objectives, can 
produca apaciflc eantral station narkat davclopnant stratagiaa and lap lens tr* 

* tatlon plana* 

for exaaple, conaidar tha following thraa altarnatlva objactivaa: 

# 

1) to lncraaaa narkat d— and In tha naar tarn, asaunlng that expansion 
of tha vftarkat will provlda a bridga to anargy saving narkata* 

2) to de-eaphaslze near-tern goals in favor of davaloping U.S. anargy 
aavlna narkata in tha twantiath cantury. 

3) to lncraaaa production voluna in tha naar tarn, asaunlng that pries 
reductions will stlnulata narkat danand and laad to anargy saving 
narkata. 

Incorporating objactlva (1) into tha strategy developnant process t^ulta 
in a strategy (1) that consists of tha thraa key strategy elements: user 

incentives, information programs, and issues resolution* The emphasis of 
strategy (1) is on hardware procurement in tha naar term* 

Objective (2) yields a similar strategy. The near term emphasis of 
strategy (2), however, is on issues resolution rather than on hardware* 
Hardware penetration will, of course, be emphasized in the long term* The 
basic, difference between strategies (1) and (2), then, is the timing of the 
activities. 

Objective (3) yields a slightly different strategy. This objective 
calls for emphasis on near-term production* Therefore, objective (3) will 
require producer Incentives in the near term to stimulate production, while 
I s still maintaining the information and issues resolution programs. 
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F. CONCLUSIONS 

The basic conclusion of Chit section it thac the Photovoltaic Prog rat 
natdt to establish an objective, or tat of objectives, for photovoltaic 
central stations* Given the establishment of an objective by the program, 
the strategy principles outlined in this section can be applied to the 
objective(e) to develop an implementation plan for the commercialisation of 
central station photovol talcs* 

The key elements of alternative strategies have been delineated, and, 
when placed within the context of an objective for photovoltaic central 
stations, can readily be assimilated into a cohesive plan for the attainment 
of central station market development. 

In addition, there are some unresolved Issues which, although already 
discussed in this document, are of sufficient importance to be highlighted 
below: 

o Institutional Issues ** How can such entitles as state Public Utility 
Commissions and state governments be persuaded, through regulatory 
practices , to embark on an aggressive program to encourage the use of 
solar energy by the electric utilities? 

o Solar Tax Credits - Can solar tax credits now offered to businesses 
and private individuals be extended to include electric utilities? 

o Price Guarantees - To what extent and at what risk can price guarantee 
incentives policies be pursued? 

o Power Marketing Administrations - What role can the PMA's play in 
developing the central station market? 

o What are the specific objectives and goals of the central station 
program? 
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